Abstract: This experiment was carried out during winter season 2015, at the Poultry Farm, Department of Animal Production, Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. A total of 40 immature female Japanese quail exposed to different levels of Bisphenol-A (BPA) was examined. Three-week-old, quails were individually weighted and divided into four groups 10 females' birds in each. The BPA was dissolved in corn oil and intraperitoneally injected weekly in the abdominal cavity of quail for three consecutive weeks (3 rd through 5 th wks old). The experimental groups were treated by a solution containing (0, 1, 5 and 10 mg BPA/kg BW). During the experimental period, eggs were collected from each group to estimate egg production and quality traits. At 14 weeks of age, all hens were weighed and then slaughtered in order to collect blood samples to determine serum concentrations of estradiol-17β hormone. The result showed that exposure of female quail before/at puberty to BPA delayed initiation of egg production. While the age at first egg in control female was at 47 days of age, consequently, the BPA treated females were slower to reach 50% of their final laying rate. The laying rate of eggs in the control not significantly higher than the rate of egg production in all the BPA treatment groups, with the exception of the 10 (mg BPA /kg BW group). BPA treated females showed drastically reduced egg quality compared to controls even with a minimal dose of 1 (mg BPA /kg BW group). Shell thickness and internal quality units were significantly linearly decreased, but egg shape index was significantly linearly increased with increased BPA dose compared with control group. The lowest ovarian follicle number and oviduct length were detected in 10 (mg BPA/kg BW group), while the highest values were obtained in 5 (mg BPA/kg BW group). All tested BPA concentrations significantly influenced the egg production and egg quality in female quail indicating a lowest observed effect concentration of 10 (mg BPA/kg BW). Significant increases of female's body weight and reproductive organ after BPA administration were recorded, as females produced pre-ovulatory follicles at all tested BPA levels it is presumed that BPA did not affect oogenesis but affect the process of ovulation, the highest values of body weight and reproductive organs of females in the 5 (mg BPA/kg BW group), estradiol concentration was increased in BPA-treated groups. It could be concluded that the BPA treatment decreased body weight and delayed puberty and initiation of egg production in female quail. The effect of BPA exposure is proportional to the dose and varies depending on the time of administration.
INTRODUCTION
It is known that sex steroids hormones secreting mainly from gonads and, to a degree, from the adrenals (Ruiz-Cortés, 2012) . Reproductive and productive processes depend mainly on gonadal steroids, because of that exogenous/ecological estrogens which target the reproductive system is very risky either economically, vigor and healthiness. Therefore, natural and synthetic estrogen exposure leads to disrupt the homeostasis/balance of sex hormone (Abdelnabi and Ottinger, 2003) . In all vertebrates, estradiol is the core potent estrogenic hormone. A common characteristic of the estrogenic compounds is their ability to bind to estrogen receptors (ER) and get the estrogenic responses in target cells (Tollefsen et al., 2002) . Pre-puberty events/encounters of birds is probably the most important and critical stages that affects birds' production capabilities later in life (e.g. the onset of sexual maturity in terms of maturation of oocytes, spermatozoa formation, courtship behavior and length and persistence reproduction time).
Although wild birds' populations are normally exposed to combinations of chemical pollutants, it is essential for scientists to determine which of these components are prevailing and responsive to the observed adverse effects. Bisphenol-A (BPA), which is one of these chemical pollutants derived from plastic fabrication, has strong antagonistic effects in birds, even at low doses, causing numerous malformations in the reproductive tract that finally may result in a robust reduction in survival of exposed living birds and animals (Panzica et al., 2009) . Since plastic items are normally utilized as a part of the poultry farms, BPA, or one of its metabolites may emerge and be consumed by the growing birds (Hanafy et al., 2005; Escande et al., 2006) .
Effects of BPA on body weight have variant trends; Vandenberg et al. (2007) reported increasing of body weight, reproduction and development in humans. While, Furuya et al. (2006) could not be able to report any detectable differences among birds in all evaluated ages. On the contrary, Hanafy et al. (2006 Hanafy et al. ( , 2007 demonstrated that in birds, upon the BPA injection, among other estrogenic chemicals, to ova or immature male quail, it gives rise to major reprogramming of hepatical yolk precursor genes expression. Halldin et al. (2001) reported that BPA had no considerable effects on the number of eggs produced compared to controls. But interestingly a higher frequency of females with a retained right oviduct in BPA treated groups was reported.
This manuscript focuses on and targets to reveal the probable potential, later in life, anatomical, physiological and histological effects as a result to intraperitoneal injection on immature Japanese quail with BPA as a simulation to bird's exposure to environmental contaminants that possess endocrine/gonadal disrupting activity (EDCs).
MATERIALS AND METHODS

Birds and treatments
This study was carried out during winter season 2015, at the Poultry Farm, Department of Animal Production, Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. Immature female Japanese quails received intraperitoneal injection of BPA for three consecutive weeks started from 3 weeks of age through 5 weeks. Effect of immature exposure to BPA on later productive and reproductive performance was examined.
A total of 100 hatched chicks of Japanese quails (Coternix coternix japonica) were raised on a temperature controlled floor brooder, provided with waterers and feeders. Quails were fed ad libitum on a commercial grower quails' diet during the growing period, contained 24% crude protein (CP) and 3000 KCal ME/Kg diet. The birds were given continuous light from the initial brooding period until the end of the 5 th week. At two-weeks old, a total of 40 immature female quails, approximately similar in body weight (100 g ± 3.20) and free from apparent clinical ailments, were placed on metal cages (120 x 60 cm and 50 cm height).
After one week from acclimatization, at threeweek-old, these females were individually weighed and divided randomly into four groups of 10 females each. The BPA was dissolved in corn oil and intraperitoneally injected into the abdominal cavity. Birds of the first group received only the vehicle solvent (corn oil) and served as controls. The volume of corn oil injected was kept at 0.1 ml per 100 g body weight (BW). The other three experimental groups were treated with three graded levels of BPA (i.e. 1, 5 and 10 mg BPA/kg BW).
From the 6 th week, all groups were offered ad libitum water and quail breeder ration (CP= 18%, ME= 2800 KCal) with daily illumination for 16 h. photoperiod-schedule. During the experimental period that extended for extra 8 weeks eggs were collected from each group in order to estimate egg production and quality traits. All experimental groups were managed in accordance with the institutional guideline concerning ethics and animal use.
Traits studied
Female quails were individually weighed at the start of experiment (3 wks.) and at 8, 10, 12 and 14 weeks of age to the nearest 1 g using an electronic analytical balance. Ages at first egg and at 50% of hen/day per group production, were determined. Eggs were collected daily to calculate hen/day laying rate. Eggs were weighed individually (~ g) to estimate egg weight for all treatment groups.
For sake of egg quality measurements, eggs from all experimental groups during the period of 8 through 14 weeks of age were collected biweekly for three consecutive days per investigational group to measure whole egg and egg component weights (egg shell, albumen and yolk). Eggs were broken onto a glass plate to measure both internal and external egg quality characteristics. Before egg breaking, egg length and width were determined by a digital caliper. The heights of yolk and albumen were measured using a micrometer. Hence, egg yolk was carefully separated from albumen by clean towel and weighed. Egg shells were cleaned of any adhering albumen and allowed for dryness. Albumen weight was calculated by subtracting the weight of yolk and shell from the whole egg weight. Shell thickness was measured after egg shell membranes removal from mid-section of the egg shell using a micrometer. Egg shape index, internal Haugh quality unit, yolk index were calculated using the following formulas:
Egg shape index (ESI) = (Egg width / Egg length) x 100.
Internal Haugh quality unit (IQU) = 100 log (H + 4.18 -0.8989 x W 0.6674 ).
Where: H = albumen height (mm) and W = egg weight (g).
Yolk index (YI) = (Yolk height / Yolk diameter) x 100
Blood samples All birds were weighed before slaughter at 14 weeks of age. To collect blood samples, birds were slaughtered by cutting the jugular vein and blood were collected individually in heparinized glass tubes and centrifuged at 3000 rpm for 15 min. Separated plasma was then stored at -20°C until subsequent estradiol-17β analysis. Concentration of estradiol-17β hormone was determined by human ELISA kits manufactured by DiaMetra, Spello-Perugia, Italy. The sensitivity of the assay was 8.7 pg/ml, the percentage of recovery was 95-100% and the intra-and inter-assay for estradiol-17β were 9 -10%.
Histopathology of oviduct
The abdominal cavity of the female was opened promptly after slaughtering and the ovary and oviduct were removed and weighed. The number of yellow follicles and the length of oviduct were measured. To assess BPA induced changes in gonadal development, female isthmus and uterus were processed for histological inspection in contrast to controls.
Statistical analysis
Separate one-way-ANOVA, was applied using SPSS 18 (SPSS, 2009). Differences among means were detected using Duncan's new multiple ranges test (Duncan 1955 ).
The following model was applied: Y ij = µ+T i + e ij ; Where: µ = the overall mean; T i = the observation on the i th BPA Treatment (levels = 0, 1, 5 and 10 mg); e ij = The random error related to the j th individual from the i th BPA Treatment and for testing procedure it is necessary to assume that e ij 's are independently and approximately normally distributed, with zero mean and variance equal  2 e, {i.e. ~NID (0,  2 e)}.
RESULTS AND DISCUSSION
Egg production and egg quality traits The effect immature intraperitoneal administration for three consecutive weeks (at 3, 4 and 5-wk-old) by graded levels of BPA on egg production traits (i.e. age at first egg, age at 50 percentage of production and percentage hen/day laying rate); and egg quality (averages of egg weight, shell thickness, egg shape index, yolk index, and internal Haugh quality units), as well as on the 14 th week of age female slaughter weight (g), ovary weight (g), ovary (%), oviduct weight (g), oviduct (%), number of ovarian follicle, oviduct length (cm), estradiol concentration (E 2 pg/ml) traits are shown in Table (1) . (Duncan, 1955) From Table (1), egg production and quality traits (i.e. Laying Rate%; Egg Weight, g; Shell Thickness, µm; Egg Shape Index; Yolk Index) altered significantly, with the intraperitoneal injection of juvenile female quails with graded concentration of Bisphenol-A.
Haugh Unit Outcomes, seems to be fluctuated with the administered of juvenile female quail doses of BPA and seems to have dose-independent competence of egg production and quality traits (Table 1) .
Results revealed also that immature BPA exposure of female quail caused 1-5 days delaying of produce eggs in treated groups, in per-group-sexualmaturity (i.e. Age at First Egg). While the per-group age at first egg in controls was at 47 days of age, BPA treated females were slower (48, 50 and 52 days) to begin egg production as group 1, 5 and 10 (mg BPA /kg BW groups), respectively. Consequently, the BPA treated females were slower to reach 50% of their hen/day laying rate, while control group reached 50% percentage rate hen/day egg production at 55 days of age. However, females in 1, 5 and 10 (mg BPA /kg BW groups) did not reach their 50% laying rate until they were 60, 61 and 66 days of age, respectively. BPA administrations proved that, as a pollutant, it can influence many forms of reproduction and production activities and likewise has impacts at low doses, in the light of the fact that even little changes in hormone concentration can have biologically important consequences. Similar results have been reported by Ottinger et al. (2002) who showed that female Japanese quail exposed to in ova 20 µg/egg estradiol benzoate has a more prolonged period.
Also, Oshima et al. (2012) found that bisphenol-A have the dose-independent ability to cause ovotestis in the Japanese quail embryo. In fish, the percentage of ovulated brown trout females was similar for the control group and the groups exposed to BPA concentrations of 1.75 and 2.40 µg/L, whereas at BPA concentrations of 5.00 µg/L females did not ovulate through the investigation (Lahnsteiner et al., 2005) .
The laying rate showed likewise oscillated or dose liberated effect and in the controls was 54.36%, and this was not significantly higher than the rate of egg production in all the BPA treatment groups, with the exception of the 10 mg BPA /kg BW group (Table 1) . The only dose of BPA that highly significantly (P≤ 0.001) impaired egg production was the 10 mg/kg BW and that was probably because of greater endocrinedisrupting mechanism leading to extensively reduced the total number of ovarian follicles with a higher apparent malformation to the oviduct (Figures 4 and 8) . Berg et al. (2001) injected quail eggs by 200 µg of BPA/g egg and found an abnormal oviduct in females suggested that mechanism of endocrine-disrupting may led to these effects and that reproduction was probably to be impaired. On the other hand, embryonic treatment of female quails to 67 or 200 µg/g egg of BPA had no significant effects on egg production as compared with controls (Halldin et al., 2001) .
As revealed in Table ( 1) BPA treated females showed variable degrees of reduction in egg quality traits (i.e. Shell Thickness, µm; Egg Shape Index; Yolk Index and Haugh Unit), compared to controls even with the minimal dose of 1 mg BPA /kg BW group. These inhibitory impacts showed in a fluctuated doseindependent manner. In this respect, Shell thickness and internal quality (Haugh units) were generally decreased significantly, but egg shape index, however and apart from the various BPA doses, significantly increased with the administration of the BPA.
Reproductive traits
From reproductive traits at the 14 th week of age of Table (1) female slaughter weight (g) number of ovarian follicle and oviduct length (cm) altered significantly (P< 0.05), with the intraperitoneal injection of juvenile female quails with graded concentration of Bisphenol-A. On the other hand, ovary weight (g); ovary (%); oviduct weight (g); oviduct (%); estradiol (pg/ml) were not affected significantly, with the intraperitoneal injection of juvenile female quails with graded concentration of Bisphenol-A.
All traits that have been altered significantly (i.e. female slaughter weight; number of ovarian follicle and oviduct length), seemed to have dose-independent response and have no obvious trend that can be stated herein. This inconsistent fluctuated drift may be characteristic to this pollutant (Berg et al., 2001 ); or it is because of the low sample size applied herein (Number of observation per group = 10). Another explanation is that this fluctuated effect is recognized as nonmonotonic-dose-response-curves (NMDRCs), which are usually reported in pharmacology in response to treatment with EDCs that interact with receptors (Magyar, 2011) .
Though immature intraperitoneal administration of Bisphenol-A caused significant alteration on the whole length (cm), it has not reveal same effect on oviduct weights or percentages. This may mean that this augment in length was not associated similar boost or amplification on the cellular level of the different component of oviduct, or perhaps inconsistent cellular growth, which may be revealed when dealing with the histological sections from isthmus and uterus that will be presented afterwards.
Similarly, Hermansson et al. (2007) reported that body weight in hens exposed to 60 µg/g egg Ethinyl estradiol (EE) was significantly higher compared to control hens. In contrast, embryonic treatment of female quail to 67 or 200 µg/g egg of BPA had no significant effects on body weight and weight of the left oviduct as compared with control (Halldin et al., 2001; Furuya et al., 2006) . They concluded that the body weight did not show any differences among all ages of birds, though the growth of different organs was affected significantly in chicks even with at low doses of 2 µg BPA/kg. Oral administration of 0.01 to 0.1 mg/kg Diethylstilbestrol, which was began with the first day of hatching had no effect on the body weights of both male and female adult quails (Yoshimura et al., 2000) . In a similar study, comparison of doses from BPA and DDT did not produce any impacts on the tested female quails (ElGawish et al., 2008) .
Though of insignificant effect on E2 concentrations, (Table 1) Intraperitoneal injections of BPA, as an estrogen disrupting compound, proved that it can have biologically important consequences on the reproductive system appearance (i.e. number of ovarian follicle; oviduct length) and body metabolism (female slaughter weight at the 14th week of age), even at miniature doses, which reflects its environmental impacts. These impacts should be considered in mind as its consequences not only on the productivity of domesticated birds, but also on the wild birds and the world biodiversity. Nunez et al. (2001) stated that in adult ovariectomized female rats treated with 4 or 5 mg/day BPA for 15 days, showed a significant decrease of body weight gain with normal food intake. The difference between the results among the previous literature might be attributed to the difference in exposing period and age sensitivity to BPA toxicity and the cytochrome P450 enzyme level among the different species. The level of cytochrome P450 enzymes in humans, chicken, and quail livers is not high, thus they have lower catalytic activity than rats. Therefore, the compound stays a longer period in the body leading to greater access to target tissues (Hansen et al., 2011) . Hence, quails are more sensitive to BPA compared with other species. Collectively, the time of exposure is important factor to provoke the effect of EDCs on birds.
As females produced pre-ovulatory follicles at all tested BPA levels it is presumed that BPA did not affect oogenesis but the process of ovulation Table (1) . Similarly, Ethinylestradiol (EE), another endocrine disruptor, stimulated egg production at low doses and inhibited egg production at higher doses in the fathead minnow (P. promelas) (Jobling et al., 2003) .
There is, however, no such organ or system in the body that is not controlled in some way or another by the endocrine system. Hence, while the estrogenic hormone is often studied for its effects on the reproductive system of female and secondary sex characteristics, in male, estrogens are likewise responsible for keeping females' reproductive health, bone density, cardiovascular health, and the immune system (Wend et al., 2012) . Natural hormones are recognized according to follow certain biological rules, and it consequently follows that substances that mimic or block (EDCs) the activities of hormones would likewise follow similar rules. The question is how long the study of EDCs will continue to benefit from progress in science of environmental health, which works at the intersection of multiple area counting ecology, endocrinology, and toxicology. In the current study, the highest values of body weight and reproductive organs of females in the 5 (mg BPA/kg BW group) may be attributed to the dose effect of BPA. This effect is recognized as non-monotonic dose response curves (NMDRCs), which are usually reported in pharmacology in response to treatment with EDCs that interact with receptors (Magyar, 2011) . However, yet for a considerable years there has been discussion about NMDRCs from EDCs exposures and whether they are safe in their different current uses (Vandenberg et al., 2009) , including that NMDRCs could be specific to only a little EDCs and accordingly without broader importance. Previous author discovered cases of NMDRCs in laboratory animals and in human populations for more than 70 EDCs from a range of chemical classes and suggested that BPA is one of these substances (Vandenberg et al., 2013) .
Histology of oviduct Isthmus
Sections from isthmus of the control group (Figure 1) . No changes were seen on administration of 1 (mg BPA /kg BW group) (Figure 2 ). Figure (3) showed effect of administration of 5 (mg BPA/kg BW group) on isthmus. Superficial atrophic single layer of lining epithelium (Red arrow), with several hyperplastic disorganized basal cells (Arrow heads). Edematous chronically inflamed lamina propria is evident (Long black arrows), disfigurement of some papillary fronds is seen (about 30%), in which lining epithelium changed into a single layer of superficial atrophic epithelial cells, with eosinophilic cytoplasm and small dark nuclei, with several hyperplastic disorganized basal cells. Abundant lymphocytic infiltrate extends from underlying edematous inflamed lamina propria, permeating the overlying epithelium (Figure 3 ).
On administration of 10 (mg BPA/kg BW group), about 80% of papillary fronds show disfigurement changes, in which epithelial lining changed into a single layer of atrophic epithelial cells, with eosinophilic cytoplasm and small dark nuclei. Moreover, marked inflammatory cell infiltrate, congested blood vessels and prominent edema are seen in underlying lamina propria. Epithelial lining changed into a single layer of atrophic superficial epithelial cells, with eosinophilic cytoplasm and small dark nuclei (Red arrows), with several hyperplastic disorganized basal cells (Black arrows). Marked inflammatory cell infiltrate, congested blood vessels (Arrow head) and prominent edema are seen in underlying lamina propria (Figure 4) . In avian species, female reproductive function depends upon the control of ovarian steroid hormones that enables follicular development, ovulation, and oviposition. It is suggested that exposure of the developing reproductive system to EDCs can disrupt oogenesis, folliculargenesis and/or oviduct development acting through estrogenic, ant-estrogenic, and/ or antiandrogenic effects. 
CONCLUSION
The BPA treatment decreased body weight and delayed puberty and initiation of egg production in female quail. Eggs with thinner shells and reduced egg quality were produced by female quail exposed at puberty to BPA supporting the hypothesis that eggshell thickness may be induced during development and maturation by estrogenic pollutants. Since ovary function appeared normal in all birds the severe malformations of the left oviduct are the most likely causes behind the total inhibition of egg production. Results confirm that administration of BPA to female Japanese quail at puberty may represent very sensitive stage to test the estrogenic potency of different chemical compounds.
